INTRODUCTION S t u d i e s o f t h e n u c l e a r r e s p o n s e t o e x t e r n a l f i e l d s o f t h e t y p e a z e i x p r o v i d e t h e p o s s i b i l i t y t o e x p l o r e t h e boarder l i n e s between t h e conventional p i c t u r e of n u c l e i c o n s i s t i n g of s t r u c t u r e l e s s nucleons and i t s e x t e n s i o n t o subnucl e a r degrees o f freedom. The e x p l o r a t i o n o f Gamow l e l l e r (GT) s t r e n g t h d i s t r i b u t i o n s i n (p,n) react i o n s /I/ and t h e i n v e s t i g a t i
o n o f magnetic t r a n s i t i o n s o f l o w mu1 t i p o l a r i t y (Ml, M2) w i t h h i g h -r e s o l u t i o n i n e l a s t i c e l e c t r o n s c a t t e r i n g /2/ have revealed t h e overwhelming evidence t h a t these magnetic t r a n s i t i o n s a r e s y s t e m a t i c a l l y quenched by a f a c t o r o f t w o compared t o standard RPA o r she1 1 model c a l c u l at i o n s .
I n o r d e r t o f i n d a t h e o r e t i c a l i n t e r p r e t a t i o n o f t h e q u e n c h i n g e f f e c t o b s e r v e d f o r M l and GT t r a n s i t i o n s , t w o mechanisms a r e h e l d t o be d o m i n a n t
( i ) t h e r e t a r d a t i o n through v i r t u a l (A-h) e x c i t a t i o n s and ( i i ) t h e admix-
t u r e s v i a t h e t e n s o r f o r c e of h i g h -l y i n g m a n y -p a r t i c l e many-hole configurat i o n s o u t s i d e t h e r e s t r i c t e d ( s m a l l ) shell-model space.
B o t h mechanisms c e r t a i n l y p l a y a r o l e . E x p l o r a t i o n o f t h e s p i n -i s o s p i n t r a n s i t i o n s t r e n g t h d i s t r i b u t i o n , t h e r e f o r e p r o v i d e s a v a l u a b l e t o o l t o study t h e c o m p e t i t i o n between n u c l e a r and subnuclear degrees o f freedom. The i n t e re s t i n g q u e s t i o n i s t o study t h i s c o m p e t i t i o n q u a n t i t a t i v e l y .
SPEC1 FIC EXAMPLES
We begin w i t h a t h e o r e t i c a l i n t e r p r e t a t i o n o f t h e GT s t r e n g t h d i s t r i b u t i o n of 90zr w i t h e m~h a s i s on t h e auenchinq mechanism ( i i ) . Next we w i l l compare t h e i n f l u e n c e o f t e n s o r c o r r e l d t i o n s and i s o b a r c u r r e n t s on diagonal-and o f f d i a g o n a l s p i n -f l i p m a t r i x e l e m e n t s ( m a g n e t i c moments and M I -t r a n s i t i o n s ) . F i n a l l y we w i l l i n v e s t i g a t e t h e e f f e c t s o f r e c e n t l y measured p r o t o n c o r r e l at i o n s i n t h e ground s t a t e of 48Ca on t h e M1 s t r e n g t h i n t h i s nucleus. 1 ) TENSOR CORRELATIONS B e r t s c h and Hamamoto /4/ have r e c e n t l y i n v e s t i g a t e d t h e d i s t r i b u t i o n o f t h e s t r e n g t h t h a t i s l o s t i n t h e GT peak o f 9 0 z r due t o t h e m i x i n g w i t h (2p-2h) c o n f i g u r a t i o n s a t l a r g e e x c i t a t i o n energies. They considered r o u g h l y 20000 (2p-2h) s t a t e s i n t h e 10 -45 MeV e x c i t a t i o n r e g i o n . F o r t h e c a l c u l a t i o n o f t h e s t r e n g t h f u n c t i o n i n t h e continuum r e g i o n t h e y used a p e r t u r b a t i v e t r e a tment. They f i n d t h a t r o u g h l y ha1 f o f t h e GT s t r e n g t h i s removed f r o m t h e the regi0n of = 1 0 -45 MeV, thereby e x p l a i n i n g t h e m i s s i n g s t r e n g t h i n t h e GT peak /1/ w i t h o u t i n c l u s~o n o f ~s o b a r currents. However this p e r t u r b a t i v e c a l c u l a t i o n does n o t i n c l u d e t h e c o l l e c t i v e energy s h i f t o f t h e GT-peak t h r o u g h t h e c o u p l i n g w i t h t h e t r e m e n d o u s number o f (2p-2h) S t a t e s . T h i s i s a c r u c i a l point. I n t h e f o l l o w i n g we w i l l show t h a t t h e p e r t u r b a t i v e t r e a t m e n t o f / 4 / m u s t be e 
i t a t i o n energy o f t h e s p i n -f l i p resonance and t h e s t r e n g t h d i s t r i b u t i o n t o g i v e a r e a l i s t i c v a l u e f o r t h e m i s s i n g s t r e n g t h i n t h e resonance. The s o l u t i o n t o t h i s tremendous eigenvalue problem has been e s t a b l i s h e d i n t h e s o c a l l e d (2p-2h) d o o r w a y -m o d e l /5,6,7/.
Here we w i l l c o n s i d e r t h e c o u p l i n g o f t h e l a r g e number (51000) o f (2p-2h) s t a t e s ( s e e f i g . 1 ) w i t h t h e s i n g l e RPA-doorway state. With an i n t e r a c t i o n e q u i v a l e n t t o t h a t of t h e pert u r b a t i v e t r e a t m e n t / 4 / , t h e r e s u l t i n g s t r e n g t h d i s t r i b u t i o n i s shown i n fig.2 .
Fig. 1: Level d e n s i t y o f (2p-2h) GT e x c i t e d s t a t e s of 9oZr.
The model space i s sketched i n t h e i n s e r t .
F i g . 2: C a l c u l a t e d s t r e n g t h d i s t r i b u t i o n P(E) = ~~< f~g~t o > S (~-~~) /~~< f~~z f o r t h e Gamow T e l l e r o p e r a t o r i n 90Zr. Upper p a r t : R e s u l t w i t h t h e i n t e r a c t i o n o f / 4 / b u t t a k i n g i n t o a c c o u n t t h e e n e r g y s h i f t o f t h e GT r e s o n a n c e ( s e e t e x t ) . Lower p a r t : R e s u l t w i t h t h e m o d i f i e d i n t e r a c t i o n (see t e x t ) . R o u g h l y 32% ( c o m p a r e d t o 50% i n t h e p e r t u r b a t i v e t r e a t m e n t / 4 / ) o f t h e s t r e n g t h i s s h i f t e d t o t h e 10-80 MeV e x c i t a t i o n region, s i n c e t h e c a l c u l a t i o n places t h e GT resonance a t Ex= 5.1 MeV f a r t o o l o w compared t o t h e experiment a l p o s i t i o n E~ 7 8.6 MeV. O b v i o u s l y t h e f o r c e i s t o o s t r o n g . By r e d u c i n g t h e
s t r e n g t h o f t h e i n t e r a c t i o n o f /4/ by an o v e r a l l f a c t o r o f 0.63 t h e resohance e n e r g y i s r e p r o d u c e d . As a r e s u l t o n l y 26% o f t h e GT s t r e n g t h i s now i n t h e 10-80 MeV r e g i o n w i t h 7 4 1 r e s i d i n g i n t h e GT r e s o n a n c e ( c o m p a r e d t o t h e e x p e r i m e n t a l v a l u e o f 50% -60% / I / ) . O b v i o u s l y t h e r e i s s t i l l a need f o r an e x p l a n a t i o n of t h e r e t a r d a t i o n v i a mechanism ( i ) .
2) QUENCHING OF THE DIAGONAL AND OFF-DIAGONAL SPIN MATRIX ELEMENTS AND
A CONSISTENT DESCRIPTION OF MAGNETIC MOMENTS AND M1-TRANSITIONS R e c e n t l y , T o w n e r e t a l . /8/ a n d Lawson / 9 / p o i n t e d o u t t h e i n t e r e s t i n g e f f e c t t h a t t h e i n c l u s i o n o f t h e q u e n c h i n g mechanisms ( i ) and ( i i ) i n t h e c a l c u l a t i o n s l e a d s t o l a r g e c o r r e c t i o n s f o r t h e r e s u l t i n g o f f -d i a g o n a l magnet i c d i p o l e m a t r i x elements and t o r e l a t i v e l y s m a l l c o r r e c t i o n s f o r t h e d i agonal M1-matrix elements. T h i s r e s u l t can be v e r i f i e d by comparing measured M1 s p i n -f l i p t r a n s i t i o n s a n d m a g n e t i c moments w i t h t h e p r e d i c t i o n s o f RPA o r shel 1 model c a l c u l a t i o n s performed i n s m a l l model spaces ( " l o w e s t o r d e r " shel 1 model e x p e c t a t i o n s ) . From F i g . 3a i t i s e v i d e n t t h a t t h e r e l a t i v e d e v i a t i o n between c a l c u l a t e d and experimental B(M1) s t r e n g t h i n c r e a s e s from a l m o s t zero f o r l i g h t t o r o u g h l y 100 % f o r h e a v i e r n u c l e i . I n c o n t r a s t t h e corresponding 
-Fig. 3: Re1 a t i ve d e v i a t i o n o f c a l c u l a t e d and experimental magnetic moments and M I -s p i n -f l i p t r a n s i t i o n s . a) w i t h t h e f r e e magnetic M1 operator, b) w i t h t h e e f f e c t i v e M1 o p e r a t o r o f eq. ( ) only. F o r t h i s p l o t f u l l m a j o r s h e l l model c a l c u l a t i o n s i n t h e p -s h e l l / l o / and i n t h e ( s d ) -s h e l l /11/ h a v e been u s e d t o g e t h e r w i t h t h e e x p e r i m e n t a l v a l u e s q u o t e d t h e r e . F o r A>60, o n l y n u c l e i n e a r c l o s e d she1 1s have been chosen f o r t h e a n a l y s i s and t h e g -f a c t o r g =~i I~l l l ) I d w i t h
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( 1 1 T has b5en used. I n eq. F o r o f f diagonal m a t r i x elements o f Geff ( M l -t r a n s i t i o n s ) one gets /8/ I f bqS and bgp have d i f f e r e n t s i g n s , a c a n c e l
( I ) t h e e x p e r i m e n t a l l y d e r i v e d o r b i t a l g-f a c t o r ge =1.1 and ge = -0.03 have been t a k e n , w h i c h r e f l e c t e f f e c t s o f meson exchange c u r r e n t s and h i g h e r o r d e r core p o l a r i z a t i o n i n agreement w i t h t h e c a l c u l a t i o n s
n view o f t h e r e t a r d a t i o n of t h e M1 t r a n s i t i o n s t h e c o r r e c t i o n 6 d n t a k
l a t i o n o c c u r s i n t h e d i a g o n a l m a t r i x elements, whereas they c o n t r i b u t e c o n s t r u c t i v e l y t o t h e non-dia onal ( t r a n s i t i o n ) m a t r i x e l e m e n t s . T h i s e f f e c t has been p o i n t e d o u t r e c e n t g y by Towner and Khanna /8/ i n a c a l c u l a t i o n where t h e y a p p l y b o t h quenching mechan i s m s ( i ) a n d ( i i ) t o n u c l e i o f t h e ( s d ) -s h e l l .
The a v e r a g e v a l u e s f o r 69, and bgp, s e p a r a t e d f o r p r o t o n a n d n e u t r o n ,
MASS NUMBER A MASS NUMBER A
F i g . 4: Mass dependence o f t h e e m p i r i c a l spin c o r r e c t i o n bgS ( l e f t ) and t h e tensor b g p ( r i h t ) .
The r e c t a n g l e s r e p r e s q n t t h e e x e r i m e n t a l e r r o r s , t h e t r i a n g l e s a r e ?. he r e s u l t s o f a c a l c u l a t~o n w~t h t h e b-1 mechan~sm o n l y 191, t h e dashed l i n e (KT) i s t h e averaged r e s u l t o f /a/. o b t a i n e d f r o m a f i t t o t h e magnetic moments and M I t r a n s i t i o n s i n (sd)-shell n u c l e i 1 1 5 1 a r e shown i n f i g . 4 t o g e t h e r w i t h t h e a v e r a g e v a l u e s o f r e f . /a/ and p r e d i c t i o n s o f Lawson / 9 / who took i n t o . a c c o u n t t h e A -h o l e mechanism ( i ) only. We extended t h i s a n a l y s i s t o t h e h e a v i e r systems around A = 90 and A = 208.
The r e s u l t i n g c u r v e s f o r 69, and Kgr show a c h a r a c t e r i s t i c -mass dependence.
The a b s o l u t e v a l u e o f h g > i n c r e a s e s and 6 9 d e c r e a s e s w i t h t h e mass number
A. C o m p a r i s o n o f t h e a d j u s t e d v a l u e s o? b~ and S g p w i t h t h e c a l c u l a t e d c o n t r i b u t i o n s f r o m t h e A-h mechanism ( i ) o f ref. 9 shows t h a t t h e A-h mechanism accounts f o r about h a l f o f t h e quenching. The same c o n c l u s i o n was drawn from t h e l a r g e space c a l c u l a t i o n of t h e GT s t r e n g t h d i s t r i b u t i o n i n 9 O~r . To n o t e i s t h a t i n t h e ( s d ) -s h e l l t h e e x p e r i m e n t a l l y d e r i v e d v a l u e f o r b g p i s s u b s t a n t i a l l y s m a l l e r t h a n t h e v a l u e o b t a i n e d by Khanna and Towner. T h i s i n d i c a t e s t h a t i n t h e i r c a l c u l a t i o n t h e t e n s o r c o r r e l a t i o n s are p o s s i b l y t o o strong. W i t h t h e mass dependent values of 6g,and &grin t h e e f f e c t i v e M1
o p e r a t o r o f eq. (2), a c o n s i s t e n t d e s c r i p t i o n o f magnetic moments and M1 t r a n s i t i o n s i s o b t a i n e d ( s e e f i g . 3b). 3) CORRELATIONS I N 4 8~a N e u t r o n C o r r e l a t i o n s : The " s m a l l " she1 1-model space c a l c u l a t i o n s , t h a t i n c l u d e a l l c o n f i g u r a t i o n s o f 8 n e u t r o n s o u t s i d e a 48Ca c o r e p e r f o r m e d by Wildenthal and McGrory 1161 l e d t o a t o t a l s t r e n g t h :f Z B ( M~+ ) = 9 /~$ , about t w i c e t h e value found e x p e r i m e n t a l l y TB(Ml4),,~5.5p,.
E s s e n t i a l l y t h e same r e s u l t s can be o b t a i n e d i n a much s m a l l e r space t h a t t a k e s i n t o account o n l y t h e Op-Oh and 2p-2h c o n f i g u r a t i o n s f o r t h e ground s t a t e and t h e l p -l h , 2p-2h and 3p-3h c o n f i g u r a t i o n s f o r t h e J"= l'state. The e f f e c t o f t h e n e u t r o n c o rr e l a t i o n s , t h a t r e d u c e t h e I P M v a l u e o f 1 2 p i w i t h 30 % i s m a i n l y due t o d e s t r u c t i v e i n t e r f e r e n c e b e t w e e n lfw, -+ +fq2 c o n t r i b u t i o n s and t h e Ifq, -t i f y~ c o n t r i b u t i o n s between t h e 2p-2h components i n t h e ground s t a t e and t h e l p -l h component o f t h e e x c i t e d s t a t e . T h i s i n t e r f e r e n c e r e f l e c t s a t y p i c a l Fig. 5 : Dominant graph c o n t r i b u t i n g t o t h e r e d u c t i o n o f t h e M1 s t r e n g t h i n t h e c a l c u l a t i o n o f /16/ ( l e f t ) . The analogous graph i n v o l v i n g p r o t o n c o r r e l a t i o n s i n t h e ground s t a t e cannot c o n t r i b u t e ( r i g h t ) .
R P A -c o r r e l a t i o n t y p e d i a g r a m ( s e e f i g . 5a). P r o t o n C o r r e l a t i o n s : A r e c e n t p r o t o n -p i c k up experimenton 48Ca by Bankes et. al. /18/ i n d i c a t e s t h a t t h e 48Ca g r o u n d s t a t e c o n t a i n s ~( s d ) -~r ( l f~, components w i t h an i n t e n s i t y o f about 4%. I n p r i n c i p l e such p r o t o n c o r r e l a t i o n s c o u l d have a s i z e a b l e e f f e c t on t h e magnetic d i p o l e t r a n s i t i o n s i n 4 8~a i f t h e a d m i x t u r e s o f p r o t o n 2p-2h c o n f i g ur a t i o n s a r e v e r y d i f f e r e n t f o r t h e g r o u n d s t a t e and t h e l o w -l y i n g I t s t a t e s . T h i s however i s n o t t h e c a s e . / l Y / and t h e i n f l u e n c e o f t h e p r o t o n c o r r e l a t i o n s i s v i r t u a l l y absent e s s e n t i a l l y because t h e RPA c o r r e l a t i o n diagram (see flg. 5b), t h a t f o r t h e n e u t r o n c o r r e l a t i o n s produces an a p p r e c i a b l e r e t a r d a t i o n o f s t r e n g t h , i s forbidden.
F i n a l l y , we l i k e t o remark t h a t w i t h t h e e f f e c t i v e o p e r a t o r o f eq. (2) and t h e c a l c u l a t i o n mentioned i n t h e preceeding paragraph we o b t a i n a s t r e n g t h f o r t h e l + s t a t e a t 10.2 MeV o f B i M l ) ? = 4.5~:
and a t o t a l s t r e n g t h b e t w e e n 9 and 12.5 MeV of t B (~l ) t = 5 . 3~~ , i n reasonable agreement w i t h t h e experlment a l v a l u e s B ( M l ) Z = 3.9 5 0.3 a n d Z B ( M l ) ? = 5.5 2 0.4 ) A , = /17/.
